The article is devoted to the 60-year history of the Kutateladze Institute of Thermophysics of the Siberian
area in the field of technical applications of thermodynamics. A large series of works carried out by the scientist is devoted to the properties of substances within a wide range of thermodynamic conditions. Studies of water vapor at high pressures have played an important role in the development of Russian heat-power engineering. Scientific merits of I.I. Novikov brought him well-deserved Stalin Prizes of II and III degree (1950, 1953) and academic titles of Corresponding Member of the USSR Academy of Sciences (1958) and Academician of RAS (1992) (Fomin, 2007) .
In June 1957 , the Presidium of the USSR Academy of Sciences approved the scope of scientific areas of the Institute of Thermophysics: heat transfer theory, gas-discharge plasma dynamics, new energy and technological installations, and automatization of thermophysical experiment. In the late 50's and early 60's, the Institute addressed two main problems: heat transfer at high heat fluxes, including characterizations of thermal properties of coolants; and the condensed state of matter within a wide range of temperatures, including ultra-low temperatures. The research team of the Institute was formed with the support of the major institutes and universities of the country. In 1961, the Institute employed 130 people, including about 70 research associates. This was the time when leaders of research areas and the Institute structure were determined. Three main departments: Molecular Physics, Heat and Mass Transfer, and Condensed Matter Physics were headed by leading scientists of the Institute: I.I. Novikov, S.S. Kutateladze, and P.G. Strelkov, respectively.
During the organization period, the majority of researchers worked at the sites of scientific and educational institutes in Moscow, Leningrad, and Kharkov. Young professionals, graduates of the best metropolitan universities, did internships at the Vavilov Institute for Physical Problems of the USSR Academy of Sciences (at present, Kapitza Institute for Physical Problems), MEPhI, and Kharkov Institute of Physics and Technology. With the creation of working conditions the employees arrived at Novosibirsk. From the first years of the Institute's history, a multilevel system of personnel training has been formed. Institute's Director I.I. Novikov established the Department of Thermal Physics at Novosibirsk State University (NSU) and was its first head during [1961] [1962] [1963] [1964] . The Siberian Thermophysical Seminar (STS) was launched at the Institute, still keeping this tradition. The Institute obtained possession of the building in 1964.
Systematic investigations of thermophysical properties of substances and materials used in power engineering, machine building, and other sectors of the USSR economy were started under the supervision of I.I. Novikov with active participation of A.N. Solovyov, V.A. Gruzdev, and A.S. Basin. The objectives of these studies were new, littlestudied substances (solutions, metal melts) and structural materials (in particular, for nuclear power engineering). The extensive series of research on thermohydrodynamic processes at fluid boiling and turbulent transfer in gasdynamic boundary layers were initiated under scientific guidance of S.S. Kutateladze with active participation of A.I. Leontiev. The studies at low temperatures with the construction of a cryogenic station were started and led by P.G. Strelkov. The first years of the Institute's activities yielded the creation of a brilliant school of researchers in the field of properties and physics of matter. The school was evidently recognized by the 1st All-Union Conference on Thermophysical Properties of Substances at High Temperatures organized in Novosibirsk in 1966. At present, the studies of the physics of substances and materials are continued by the follower of this scientific school, S.V. Stankus, Dr. Phys.-Math. Sci., Deputy Director of IT SB RAS.
The merit of I.I. Novikov, the founder and the first director of the Institute of Thermophysics, was figuratively formulated by Academician A.K. Rebrov (Fig. 7) : "I refer to Ivan Novikov as a prophet since he has polarized much of the Institute's themes towards the study of the properties of substances. This line of research will be relevant historically: new and sometimes unanticipated substances will be created at all times. They will require innovative learning methods. In this sense, the ideas of Ivan Novikov are alive to the present day" (Sadykova, 2016) .
A significant period in the history of the Institute of Thermophysics is associated with the name of the outstanding scientist Samson Kutateladze (1914 Kutateladze ( -1986 (Fig. 8) . Being a specialist in thermal physics, hydrodynamics, gas-liquid systems, and new energy problems, he led the Institute for more than two decades, from 1964 to 1986. Samson Kutateladze participated in World War II, and in a short while graduated from the Leningrad Industrial Institute of distant learning (1950) , worked at the Polzunov Central Research and Design Institute for Boilers and Turbines (TsKTI), and taught at the Naval Academy named after A.N. Krylov. At the age of 25, the young scientist became the author of the monograph "Fundamentals of the Theory of Heat Transfer at a Change in the Aggregate State of Matter" (1939) -the first book in the world scientific literature on this topic. Samson Kutateladze summarized the results of the study of heat transfer in two-phase media in his doctoral dissertation (1952) . The second monograph by S.S. Kutateladze, "Fundamentals of the Heat Transfer Theory" (1954), was reissued four times in the USSR and published abroad. "The Kutateladze theory of heat transfer crisis at boiling" and the "Kutateladze criterion" were included in the thesaurus of world science. Working in the Siberian Branch of the USSR Academy of Sciences, he was elected a Corresponding Member (1968) and Academician (1979) of the USSR Academy of Sciences; he was awarded the USSR State Prize (1983), title of the Hero of Socialist Labor (1984) , and other prestigious honors (Fomin, 2007) .
After being elected as a director of the Institute of Thermophysics in 1964, S.S. Kutateladze convincingly showed his organizing talent in science. He determined the vector of development of complex research on heat transfer at phase transformations, hydrodynamics and heat and mass transfer of multiphase flows, rarefied gas dynamics, radiation-conductive heat transfer, and application areas for the creation of new power plants. Geoffrey Hewitt, President of the International Committee for Heat and Mass Transfer, laureate of the Global Energy International Prize, spoke of the Siberian scientist: "Academician Kutateladze was, without a doubt, a man of prominence in his field. If once met, we cannot forget him; he will be remembered by us, and his outstanding and unique contribution to science and technology will be highly appreciated" (Pavlenko, 2014) .
In the mid-1980's, the Institute was known to be one of the leading teams in the USSR in the field of thermal physics and hydrodynamics. The theory of a turbulent boundary liquid layer with vanishing viscosity and effective engineering methods of calculations on its basis were developed. The hydrodynamic theory of boiling crises within a wide range of parameters was elaborated and experimentally verified. These works were awarded the Polzunov Prize of the USSR Academy of Sciences and the Jacob Prize of American Society of Mechanical Engineers and American Institute of Heat Transfer.
The metastable state of the vortex dispersed layer and its two limiting stable cases were discovered. A rarefaction wave was for the first time experimentally detected in the vicinity of the critical thermodynamic point. An asymptotic theory of wave propagation in a gas-liquid medium and in a boiling liquid was developed; oscillating shock waves in a liquid with gas bubbles and other wave structures in such a medium were found. The fundamentals of the theory of electric arc generators of thermal plasma were developed and served to create highly efficient plasmatrons, plasmachemical reactors, and methods for their design.
A powerful experimental base of the Institute was created through the efforts of Director S.S. Kutateladze. The complex of large-scale setups with advanced experimental measurement techniques allows the Institute to develop dynamically under new conditions, to participate actively in implementation of large research and applied programs, and to make a noticeable contribution to the world science.
A vivid example is international cooperation in space. As remembered by Academician A.K. Rebrov, the Head of the International Department of the USSR Academy of Sciences visited the Institute in 1966. Being impressed by the experimental base created under the guidance of the young scientist, he invited Aleksei Rebrov to work at the Space Research Institute of Canada. The mission in 1967 marked the beginning of cooperation with researchers in the field of rarefied gas flows. As a result of this collaboration the docking of "Soyuz" and "Apollo" spacecraft was modeled in the laboratory of A. Rebrov, and Novosibirsk was chosen as a venue for the largest International Conference on rarefied gas dynamics in 1982 (Kolesova, 2017) .
Another striking example of the applied use of scientific results was the world's first geothermal power station operating on a low-boiling heat carrier (Freon), built under the leadership of S.S. Kutateladze in the village of Paratunka on Kamchatka Peninsula. There, the so-called binary thermodynamic cycle with a specially developed freon turbine was implemented. Today, over 2,000 of such stations operate in the world.
Academician Samson Kutateladze contributed to the integration of the Institute into the world community, cooperation of IT scientists with leading scientific, design and educational organizations of the Soviet Union, and broadening of scientific personnel training. In 1986, the Department of Thermal Physics at NSU, which was the base for the Institute of Thermophysics, became known as the Department of Physics of Nonequilibrium Processes. This name most fully reflects the directions of students' training and scientific activities to date. After the first Head I.I. Novikov, the department was successively led by the outstanding scientists A.I. Leontyev, S.S. Kutateladze, N.A. Rubtsov, V.E. Nakoryakov, and A.K. Rebrov. Since 2004, the department has been headed by Academician S.V. Alekseenko (Alekseenko et al., 2006) . Academician Samson Kutateladze initiated the seminar of high schools of Siberia and the Far East on thermal physics and power engineering, held every two years at different universities. This tradition not only allows universities and academic institutions to share research results, but also facilitates the involvement of young people into academic science. S.S. Kutateladze is the founder of one of the leading scientific schools in thermal physics and hydrodynamics. Now, this school is represented by famous scientists: Corresponding Member of the Russian Academy of Sciences, A.N. Pavlenko; Doctors of Physics and Mathematics, O.A. Kabov and E.A. Chinnov.
Significant merits of the second Director Samson Kutateladze in the development of the Institute's potential constituted the basis for perpetuating his memory. In 1994, when he would have turned 80 years old, the Institute of Thermophysics SB RAS was named after Academician Kutateladze. A memorial plaque was mounted on the facade of the building, and a bronze bust of Samson Kutateladze (Fig. 9) was set in the hall of the Institute. The most promising students of the Department of Physics of Nonequilibrium Processes of the Physical Faculty at Novosibirsk State University (NSU) are awarded the scholarship of Academician S.S. Kutateladze. In the Novosibirsk Academgorodok, one of the streets is named after the scientist. In the most difficult, transitional period from 1986 to 1997, the Institute was headed by an outstanding scientist, Vladimir E. Nakoryakov (Fig. 10) . After graduating from the Tomsk Polytechnic Institute (1958), he took postgraduate training courses in Novosibirsk. Academician S. Kutateladze had a great influence on the formation of his scientific interests. At the Institute of Thermophysics young scientist Nakoryakov passed all the career steps-from Junior Researcher to Director. His PhD thesis, "The influence of sound vibrations on the heat and mass transfer processes" (1964) , and Doctor of Sciences thesis, "Heat and mass transfer in oscillating and pulsating flows" (1971) were important milestones in the career of a scientist, who became one of the world leaders in the field of thermophysics.
Scientific contributions constituted grounds for electing V.E. Nakoryakov a Corresponding Member of the USSR Academy of Sciences (1981) , Academician of the Russian Academy of Sciences (1987) , and for awarding many prestigious prizes. Vladimir Nakoryakov is the winner of the State Prize of the USSR (1983), State Prize of the Russian Soviet Federative Socialist Republic in the field of science and technology (1990), Prize of the Russian Federation Government in the field of science and technology (2013), and the "Global Energy" International Prize (2007) (Fig. 11) (Fomin, 2007) .
Under the initiative of V. Nakoryakov, the Institute has developed new research areas, including wave dynamics of two-phase media, heat and mass transfer processes in porous media, hydrodynamics of gas-liquid flows, absorption thermal transformers, electrodiffusion method of flow diagnostics, thermal and physical foundations for design of the next generation of energy and energy-saving technologies and setups, and environmentally friendly power plants. In the 1990's, the Institute of Thermophysics, being one of the leading research centers on the theory of heat transfer and physical fluid and gas dynamics, conducted fundamental research in two main scientific areas: the theory of heat transfer and physical fluid and gas dynamics; and thermophysical grounds for the creation of the next generation of energy and energy-saving technologies.
Directed by Vladimir Nakoryakov, the Institute was actively involved in the training of scientific personnel. Heading the departments of Physics of Nonequilibrium Processes at Novosibirsk State University (NSU), Thermal Power Plants at Novosibirsk State Technical University (NSTU), Academician Nakoryakov created a powerful scientific school in the field of thermal physics, thermal engineering, and physical hydrodynamics. Among his students there 
Interfacial Phenomena and Heat Transfer
Institute of Thermophysics Siberian Branch xv are more than 50 doctors of science and 250 candidates of science. In cooperation with his disciples a number of fundamental results were obtained. They are of great importance for the development of energy technologies and many other branches of industry (Zavorin and Kuznetsov, 2015) . Vladimir Nakoryakov initiated the establishment of youth laboratories at the Institute. These laboratories were headed by O.A. Kabov (he discovered regular structures in liquid films under local heating and proposed a new technology for cooling electronic equipment with high heat generation), S.A. Novopashin (he was the first to observe the stratification of the spherical glow discharge and self-generation of the oscillatory motion of the liquid in the pipe with a longitudinal temperature gradient), and M.R. Predtechensky (currently Academician of RAS, the author and inventor of the technology of industrial synthesis of single-walled carbon nanotubes). Institute seminars held on a regular basis under supervision of V. Nakoryakov aimed at discussing candidates' and doctoral dissertations.
In the 1990's, the Institute gave a boost to international cooperation toward concluding contracts with foreign companies, namely American companies Air Products and Chemicals Inc., General Motors, and Hewlett Packard. The project gave an impetus to a long-term fruitful cooperation between the two institutions, which continues through today.
Over the next two decades, from 1997 to 2017, the Institute of Thermophysics was headed by Sergey Alekseenko (born in 1950) (Fig. 12) , a disciple of V.E. Nakoryakov, and a prominent specialist in the field of thermal physics, hydrodynamics, thermal power engineering, and energy conservation. After graduating from the Physics Department of Novosibirsk State University (1972) Sergey Alekseenko worked as a researcher at the Institute of Thermophysics. Significant milestones on this way were defense of PhD thesis, "Experimental study of two-dimensional wave flow of liquid films" (1979) , and Doctor of Sciences thesis, "Wave flow of liquid films" (1995). (2014), and the "Global Energy" International Prize (2018) (Fig. 13) (Fomin, 2007) .
The year of 1997 is remembered not only for the inauguration of the 47-year-old Sergey Alekseenko as a Director of the Institute. It was the anniversary year for the entire Novosibirsk academic city (Akademgorodok). Therefore, in his first interview Director S.V. Alekseenko gave a brief overview of the achievements of the Institute of Thermophysics SB RAS over the past 40 years and formulated a development strategy of the Institute for the coming years: ". . . to remain a leader in the industry, that is, in thermophysics and physical hydrodynamics, as well as thermal foundations of power and energy-saving technologies" (Alekseenko, 1997) . He put a priority on expanding research in traditional energy industry based on fossil fuels, as well as in new areas, including nuclear energy and renewable energy sources. The Institute began systematic investigations in the field of microfluidics, including hydrodynamics of two-phase flows in microchannels of about 50-100 micrometers in size, self-organization of microdroplets of about 5-50 micrometers in size, as well as studies of the transfer processes in the vicinity of the gas-liquid-solid contact line.
In 1998, the Institute was largely restructured. A number of laboratories were transformed to make the most effective use of scientific and human resources in order to address the priorities of basic and applied research. Under the leadership of Academician S.V. Alekseenko, the Institute of Thermophysics has become a basic academic Institute, an internationally recognized scientific center in the field of heat transfer and physical fluid and gas dynamics. The achievements of scientists of the Institute have been repeatedly awarded with highest honors since the late 1970's. Academician V.P. Chebotaev became the winner of the Lenin Prize for a series of works on nonlinear narrow resonances in optics and their application (1978) . State Prize of the USSR was awarded to a number of prominent scientists: M.F. Zhukov-for the development and creation of powerful electric arc generators based on low-temperature plasma (1982); S.S. Kutateladze, V.E. Nakoryakov, B.G. Pokusaev, and I.R. Schreiber-for the series of research works "Wave dynamics of gas-liquid systems" (1983); B.P. Mironov and N.A. Rubtsov-for fundamental research in the field of gas dynamics (1985) . The State Prize of the RSFSR in the field of science and technology was given to O.N. Kashinsky and V.E. Nakoryakov for a series of theoretical and experimental studies of unsteady transport in single-phase and two-phase flows (1990) .
The Prize of the Russian Federation Government in the field of science and technology was awarded to: S.V. Alekseenko, E.P. Volchkov, and V.I. Terekhov-for the development of effective devices and vortex technologies for thermal power industry (2013); D.M. Markovich, V.G. Meledin, I.V. Naumov, and A.V. Bilsky-for the development of scientific foundations, the creation and implementation of optical and information methods, systems, and technologies, which allow diagnosing dynamic processes to improve efficiency and safety in energy, industry, and transport (2014).
The Lykov International Prize of the National Academy of Sciences of Belarus was awarded to E.P. Volchkov and V.I. Terekhov for a series of works devoted to heat and mass transfer in vortex and separated flows with phase chemical transformations (2010) The Academician V.A. Koptyug award was given to O.F. Bobrenok for a series of scientific works, "Development of scientific grounds for creating composite and nanostructured materials for advanced hydrogen energy systems, and study of devices with their use" (2011); E.P. Volchkov, V.E. Nakoryakov, N.I. Grigorieva, and V.I. Terekhov, for the results obtained in the implementation of joint research on the topic "Thermophysical foundations of modern energy technologies and devices with porous and dispersed systems" (2013).
The Kosygin Award of the Russian Union of Commodity Producers was conferred to V.G. Meledin for the creation and implementation of high-tech import-substituting technologies of information optoelectronic diagnostics, which provided a significant increase in efficiency and security in the real sector of the Russian economy (2016) .
Basic research at the Institute of Thermophysics SB RAS has been traditionally complemented by applicationoriented developments in measuring techniques. The original experimental methods include electrodiffusion method for measuring shear stresses and local flow rates; particles stroboscopic imaging method; Particles Image Velocimetry (PIV); laser Doppler measuring systems, including the use of fiber optics; electron beam diagnostics of rarefied gases, shadow method of color Hilbert imaging; and vibration method for measuring the thermal properties of substances.
In-house instrument and experimental base of the Institute allows carrying out research at the most advanced level. A complex of unique experimental stands equipped with modern measuring systems has been created. These are wind tunnel, large freon column, "Vika" and "Viking" large-scale vacuum chambers, fire stand with plasma ignition, setup for studying thermophysical properties of melts, as well as electric arc, liquid-electrode, and transformer plasma torches.
International cooperation continues expanding, and takes on new forms. The Institute of Thermophysics maintains close scientific relations with many research centers in Europe, Asia, North and South America, as well as contacts with colleagues from neighboring countries, namely Belarus, Ukraine, Kazakhstan, and Kyrgyzstan. From 2000 to 2012, cutting-edge research was carried out at the joint research Laboratory of Microgravity, established in cooperation with the Free University of Brussels. Experiments under the supervision of O.A. Kabov were carried out within the framework of eleven campaigns of parabolic flights of the European Space Agency (more than 900 parabolas were performed) (Fig. 14) . Siberian scientists study processes taking place in liquid films, droplets, rivulet flows, as well as boiling and condensation processes in mini-channels under conditions maximally close to space. Today, the Institute's employees are involved in the preparation of several experiments carried out on the International Space Station in cooperation with colleagues from Europe and Asia.
Scientific events of the Institute of Thermophysics, such as "Siberian thermophysical seminar," "Seminar on thermophysics and energy of Siberian and Far Eastern universities," workshop "Transport phenomenon in two-phase flow" (in Bulgaria), International Symposium on rarefied gas dynamics, international conferences "Optical methods of flow research," "Two-phase system for ground and space applications" (since 2006), "Interfacial phenomena and heat transfer" (since 2016), etc., excite a permanent interest of the Russian and foreign scientific community due to the relevance of the considered problems (Fig. 15) . The research problems are also discussed on the pages of scientific journals, which are published by the Institute both independently and in cooperation with the foreign and Russian partners: Journal of Engineering Thermophysics (published in English), Interfacial Phenomena and Heat Transfer (in English), Thermophysics and Aeromechanics (in the Russian and English languages, in collaboration with the Institute of Theoretical and Applied Mechanics SB RAS). Cooperation between the Institute of Thermophysics and the Russian industry is on a strong track. Power Machines Corporation, enterprises of Rosatom and Roscosmos, United Engine Manufacturing Corporation, United Aircraft-Building Corporation, Novosibirsk Electro-Vacuum Plant, Biysk Boiler Plant, OKB "Gidropress," etc., are among the partners of the Institute.
In the field of energy, the Institute pays special attention to the development of environmentally friendly and efficient technologies. In a short-term perspective, scientists of the Institute map out the development of organic fuel processing technologies (in particular, along with the creation and use of steam-gas plants, and coal deep processing technologies). Plans for a more distant future are associated with the development of renewable energy sources, primarily solar and petrothermal energy, and the creation of effective methods of energy conversion and storage, including fuel cells.
Today In 2016, young researchers of the Institute received 21 scholarships of the President of the Russian Federation, which marks the leading position of the Institute not only among academic institutions, but also among the universities of the country. Two "Global Energy" youth awards out of four nominated prizes were conferred on the young researchers of the Krasnoyarsk affiliation of the Institute of Thermophysics (Kolesova, 2017) .
The Institute of Thermophysics SB RAS has been a leader in the number of grants for basic research among Russian academic institutions (23 grants of the Russian Science Foundation for a total amount of 200 million rubles in 2016). In terms of the grants of the Russian Science Foundation, the Institute is ranked among top 10 institutes of Russia. In the frameworks of the government mega-grant program, implemented in collaboration with the NSU, three laboratories were established under the supervision of the leading foreign scientists: Academician Vladimir Zakharov (USA) -Laboratory of Nonlinear Wave Processes; Professor Kemal Hanjalich (the Netherlands) -Laboratory of Energy Processes Simulation; and Professor Yoshiyuki Kawazoe (Japan) -Laboratory for New Energy Technologies and Energy Carriers The advent of funds such as the Russian Science Foundation in Russia, as well as the appropriation of mega-grants for the research development involving foreign scientists, creates new prospects for employees of the Institute of Thermophysics. This is a good opportunity to purchase state-of-the-art equipment, take part in national and international conferences, invite scientists from other research centers to conduct research and exchange experience, as well as publish papers in prestigious scientific periodicals.
Since May 2017, the Institute of Thermophysics has been headed by Dmitry M. Markovich (born in 1962) (Fig. 16) , the progeny of Academician S.V. Alekseenko, a specialist in the field of thermal physics and experimental fluid mechanics. Having graduated from the Department of Physics of the Krasnoyarsk State University (1984), he entered the graduate school of the Institute of Thermophysics SB RAS and later defended his PhD thesis, "Turbulent jet in a confined space" (1994) , and Doctor of Sciences thesis, "Hydrodynamic structure of limited jet flows" (2003) .
The future Director Dmitry Markovich acquired necessary scientific and organizational skills holding the positions of Head of Laboratory, Department, and Deputy Director in Science. The scientist studied the hydrodynamic structure and developed methods for controlling the spectral composition of turbulent pulsations and the intensity of heat and mass transfer for a wide class of multiphase and reactive flows. These results are widely used in modeling and optimization of a number of processes in thermal physics and energy; they constituted the basis for electing D.M. Markovich a Corresponding Member of the RAS (2011). Dmitry Markovich is a laureate of the Russian Government Prize in science and technology (2014) (Fig. 17) and the V. Lykov International Prize of the National Academy of Sciences of Belarus (2014) (Aleksandrov, 2014) . 
